Abstract. MicroRNAs (miRNAs) are a class of small, non-coding RNAs that regulate gene expression and are involved in cell biological processes. The aberrant expression of miR-195 has been found in various types of human cancer. However, the effect of miR-195 on the initiation and development of laryngeal squamous cell carcinoma (LSCC) remains to be elucidated. Accordingly, in the present study, we detected the expression level of miR-195 in the LSCC and the normal tissues and found that miR-195 were significantly down regulated in the LSCC tissues. Gain-of-function or lossof-function studies including cell proliferation, wound healing assay, Transwell assay, cell cycle and apoptosis assays were performed to investigate the biological function of miR-195. Luciferase reporter assay and the rescue study confirmed that DCUN1D1 was a target of miR-195. Furthermore, DCUN1D1 expression levels were found to be upregulated in laryngeal tissues and to have a negative correlation with miR-195. We also found that both miR-195 and DCUN1D1 siRNAs can inhibit cell invasion possibly through downregulating Matrix metalloproteinase-2 (MMP-2) and Matrix metalloproteinase-9 (MMP-9) at the post-transcriptional level, which can be attenuated by restoring the expression of DCUN1D1. In summary, these data suggest that low expression of miR-195 contributes to the poor prognosis of LSCC and miR-195 regulates the proliferation and invasion ability of LSCC cells in vitro. miR-195 may suppress growth and invasion of LSCC cells possibly through targeting DCUN1D1, which would provide a candidate target for cancer therapy.
Introduction
Laryngeal squamous cell carcinoma (LSCC) is one of the most common types of tumor in the head and neck which accounts for approximately 25% of the total (1, 2) . During the last decade, great advance has been made in the study on laryngeal carcinoma. The treatment for laryngeal carcinoma is the combination of primary surgery with non-surgical radiotherapy or chemoradiotherapy. However, the 5-year survival rate of laryngeal carcinoma (60%) has not been improved. To identify novel biomarkers that indicate the early stages of laryngeal carcinoma, or specific biomarkers for various individuals, is urgently required for the early detection of laryngeal carcinoma and the development of individualized therapies.
MicroRNAs (miRNAs) are a class of small, non-coding RNAs that regulate gene expression through targeting the 3'-untranslated region of target mRNA (3) (4) (5) . Increasing evidence indicates that miRNAs have significant roles in various cell biological processes including cell proliferation, cell cycle, cell apoptosis, cell migration and invasion (6, 7) . In the carcinogenesis and development of laryngeal carcinoma, a number of miRNAs have been reported to be dysregulated such as miR-135, miR-144, miR-205, miR-296-5p, miR-206, miR-375, miR-101 and miR-150 (8) (9) (10) (11) (12) (13) . Recent studies suggest that miR-195 may act as a suppressor gene in various types of cancers (14) (15) (16) (17) , indicating that miR-195 may be critical in cancer development. However, the biological roles of miR-195 in laryngeal carcinoma still remain to be established.
In the present study, we predicted DCUN1D1 is the target gene of miR-195 by bioinformatic prediction and investigated the effect of miR-195 on the biological function of LSCC cells and identified the correlation between miR-195 and its target DCUN1D1.
Materials and methods
Patient tissues. The LSCC tissues and adjacent normal tissues were obtained from 122 patients at the Second Hospital of Tianjin Medical University (Tianjin, China) following surgical resection, and stored immediately in liquid nitrogen. The study was approved by the ethics committee of the Second Hospital 
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RNA isolation and qRT-PCR.
Total RNA was extracted from the collected fresh frozen tissues and cells using the standard TRIzol method. For the detection of miRNA expression, cDNA were prepared by reversely transcription of RNA using one
Step PrimeScript miRNA cDNA Synthesis kit (Takara, Dalian, China). A SYBR ® Premix Ex Taq™ II kit (Takara) was used for qRT-PCR in an ABI 7500 Real-time PCR system (Applied Biosystems, Foster City, CA, USA). Relative gene expression was calculated using 2 -∆∆Ct method. U6 and GAPDH were selected as internal controls for miRNA and mRNA, respectively. miR-195 mimics Mature sequence 5'-UAGCAG CACAGAAAUAUUGGC-3'; DCUN1D1 (forward: 5'-ACT CGATCCAGCCAGCATTA-3', reverse: 5'-TGTTTGGAG AACTCGCACTG-3'); U6 (forward: 5'-CTCGCTTCGGC AGCACA-3' , reverse: 5'-AACGCTTCACGAATTTGCGT-3'); GAPDH (forward: 5'-CGCTCTCTGCTCCTCCTGTT-3', reverse: 5'-CCATGGTGTCTGAGCGATGT-3').
Cell culture and transfections. The human laryngeal cancer cell line (TU-177) and human normal bronchial epithelial cell line (16HBE) were obtained from ATCC (Manassas, vA, USA) and maintained in RPMI supplemented with 10% fetal bovine serum (HyClone, Logan, UT, USA). All the cell lines were cultured in a humidified incubator with 5% CO 2 at 37˚C. Transfections were done using Lipofectamine 2000/ Lipofectamine LTX-Plus reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. miR-195 mimics (forward: 5'-UAGCAGCACAGAAAUAUUGGC-3', reverse: 5'-CAAUAUUUCUGUGCUGCUAUU-3'); Control (forward: 5'-UUCUCCGAACGUGUCACGU-3', reverse: 5'-ACGUGACACGUUCGGAGAA-3'). miR-195 inhibitor (5'-GCCAAUAUUUCUGUGCUGCUA-3'), Inhibitor control (5'-CAAUAUUUCUGUGCUGCUAUU-3').
Oligonucleotide and plasmid transfection. The miRNA mimics and corresponding negative control that were used for transient transfection were designed and synthesized by GenePharma China. The DCUN1D1 cDNA containing the coding sequence was cloned by PCR, and the PCR product was cloned into the pcDNA3.1 vector (Invitrogen). The insert was confirmed by DNA sequencing. The siRNA against DCUN1D1 (DCUN1D1 siRNA) was synthesized by GenePharma China. The sequence of DCUN1D1 siRNA was as follows (forward: 5'-GCAGATGACATGTCTAATT-3', reverse: 5'-AAUUAGACAUGUCAUCUGC-3'). TU-177 cells were transfected with miRNA mimic, siRNA, and pCDNA3.1-DCUN1D1 using Lipofectamine 2000/Lipofectamine LTX-Plus Reagent (Invitrogen) according to the manufacturer's protocol.
Cell viability assay. Cell viability was determined by thiazolyl blue tetrazolium bromide (MTT) assay. TU-177 cells were seeded into 96-well plates at a density of 4x10 4 cells/ml and incubated for 24, 48 and 72 h. At each time point, 0.5% MTT solution were respectively added to TU-177 cells, and incubated for 4 h at 37˚C. Then the cell supernatants were discarded and 150 µl DMSO were added to dissolve the formazan. The optical density of each group was measured using a microplate reader (Bio-Rad Laboratories, Hercules, CA, USA) at a wavelength of 490 nm.
Colony formation assay. Cells were seeded on 6-well plates at a density of 400 cells per well then cultured at 37˚C in a incubator with 5% CO 2 for 14 days. The cells were fixed with methanol for 20 min at room temperature and stained with crystal violet solution (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). The colonies of more than 50 cells were counted.
Wound healing assay. Cells were seeded in 6-well plates at a density of 1x10 5 cells/well and cultured to confluence. Cell monolayer was scraped with a 200 µl pipette tip to generate wounds and then washed with DMEM media twice to remove cell debris. The cells were grown in DMEM supplemented with 3% FBS for additional 48 h. The cell motility was measured by photographing five random fields at the time of 0 and 24 h after wounding.
Transwell invasion assays. TU-177 cells were seeded into the upper chamber of a Transwell insert (Millipore Corp., Billerica, MA, USA) and incubated in an incubator with 5% CO 2 at 37˚C. Lower chamber contains serum-loaded medium as attractant. The invasive assay was performed using Transwell inserts coated with Matrigel (BD Biosciences, San Diego, CA, USA). After incubation for 24 h, the cells on upper surfaces of the Transwell chambers were removed with cotton swabs, and the invaded cells were fixed with ethanol and stained using 0.05% crystal violet solution. Images were captured under a widefield microscope (Nikon, Melville, NY, USA).
Flow cytometry assay. For the apoptosis assay, cells were analyzed by flow cytometry using a FITC-Annexin V/PI kit according to the manufacturer's instructions (BD Pharmingen, Franklin Lakes, NJ, USA). In detail, TU-177 cells were seeded into 6-well plates at a density of 4x10 4 cells/ml and incubated for 24, 48 and 72 h. At each time point, TU-177 cells were collected and resuspended with the PBS buffer. Then cells were incubated with 5 µl FITC-Annexin v and 5 µl PI in the dark at room temperature. The apoptosis rates of cells were analyzed using a FACS Verse flow cytometry (BD Biosciences) according to the fluorescence signals.
Luciferase activity assay. The 3'UTR sequence of DCUN1D1 was amplified and subcloned into the pmirGLO luciferase reporter vector (Promega, Sunnyvale, CA, USA). HEK293T cells (5x10 4 ) were seeded in 24-well plates and incubated for 24 h. Thereafter, cells were co-transfected with wild-type (WT) or mutant (Mut) 3'UTR vectors and miR-195 mimics using Lipofectamine 2000. After 48 h, the cells were assayed for luciferase activity using the Dual-Luciferase Reporter Assay System (Promega) following the manufacturer's protocol. The firefly luciferase activities were normalized to Renilla luciferase activity.
Immunohistochemistry assay. Sections (4 µm) were cut from formalin-fixed paraffin-embedded tissue. After dewaxing and rehydration sections were heated in a microwave oven for 2 min in citrate buffer at middle power. Subsequently, sections were subjected to blockade of endogenous peroxidase activity by incubating in 3% H 2 O 2 solution for 25 min. The slides were then incubated with the rabbit polyclonal antibody against DCUN1D1 (Cell Signaling Technology, Inc., Danvers, MA, USA) at 4˚C overnight. After sequential incubation with a secondary antibody (Abcam, Cambridge, UK) at room temperature for 1 h, sections were washed and stained with 3,3'-diaminobenzidine, and visualized under a microscope (Nikon, Japan). Brown staining in cytoplasm was considered as positive immunoreactivity, and was evaluated as percentage staining over the whole preparation. DCUN1D1 protein level was classified semiquantitatively combining the proportion and intensity of positively stained immunoreactive cells (18) . The percentage of positive-staining cells was scored as follows: 0 (<5% positive cells), 1 (5-50% positive cells), and 2 (>50% positive cells). Staining intensity was scored as follows: 0 (no staining or only weak staining); 1 (moderate staining); and 2 (strong staining). The sum of the staining intensity score and the percentage score was used to define the DCUN1D1 protein expression levels: 0-2, low expression and 3-4, high expression. Protein analysis. Cells were lysed in RIPA buffer (Beyotime Institute of Biotechnology, Haimen, China) and the protein extracts were quantified using a BCA-protein quantification kit (Beyotime Institute of Biotechnology). Proteins were separated by SDS-PAGE, transferred to PvDF membranes and then blocked with 10% non-fat milk for 1.5 h and incubated overnight at 4˚C with primary antibodies against DCUN1D1, caspase-3 (Cell Signaling Technology, Inc.), MMP-9, MMP-2, GAPDH (Santa Cruz Biotechnology, Santa Cruz, CA, USA) at dilutions specified by the manufacturer. After being washed with TBST, the membranes were incubated with the HRP-conjugated secondary antibodies for 120 min at room temperature. Then proteins were detected by chemiluminescence using the ECL kit (Beyotime Institute of Biotechnology) and imaged with a digital chemiscope (Qinxiang, Shanghai, China). Band intensity quantification was calculated by ImageJ software, and GAPDH was used as a loading control.
Statistical analysis. All statistical analyses were carried out using the SPSS 17.0 statistical software package. Experimental data are presented as mean ± SD. An independent Student's two-tailed t-test and one-way ANOvA were performed to compare the difference. The expression of miR-195 and DCUN1D1 related with various clinicopathological characteristics were assessed using the χ 2 test or Fisher's exact test. The Spearman's correlation was calculated between the expression levels of miR-195 and DCUN1D1 in LSCC. Survival curves were carried out by the Kaplan-Meier method and Cox regression analysis was used for the univariate and multivariate analysis. P-values <0.05 were considered statistically significant. Table I . Correlation between miR-195, DCUN1D1 expression and clinicopathological parameter in 122 LSCC patients.
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Results
miR-195 was downregulated in LSCC and cell lines, and was associated with cancer progression.
The expression of miR-195 was evaluated using qRT-PCR. We found that the expression levels of miR-195 in LSCC were significantly decreased when compared with the adjacent normal tissue and normal human bronchial epithelial cells (16HBE) (Fig. 1A and B) . To determine whether the expression of miR-195 was associated with clinicopathological characteristics of LSCC patients, the data shown in Table I 
Upregulated DCUN1D1 expression was associated with cancer progression and was inversely correlated with miR-195 expression in LSCC.
We examined the expression of the DCUN1D1 protein in paraffin sections of LSCC and nonmalignant samples using immunohistochemistry. The DCUN1D1 staining in LSCC adjacent nonmalignant tissues was generally of reduced intensity ( Fig. 2A) . To understand the roles of DCUN1D1 in LSCC progression, we analyzed the association of the expression of DCUN1D1 with clinicopathological characteristics of LSCC patients. As shown in Table I , DCUN1D1 upregulation was frequently found in LSCC with high T stage (P=0.012), N + (P<0.001), and high clinical stage (P=0.001). Increased expression of DCUN1D1 predicted poor prognosis of LSCC. Spearman's correlation analysis showed expression levels of DCUN1D1 were inversely correlated with miR-195 expression levels in LSCC tissues (Table II, Fig. 6F ; r= -0.530, P<0.001). Therefore, high DCUN1D1 mRNA expression in LSCC tissues was correlated with decreased miR-195 expression.
Decreased miR-195 expression and increased DCUN1D1
expression were associated with poor overall survival in LSCC patients. We further analyzed the correlation of miR-195 expression and postoperative overall survival of LSCC patients. We used the mean fold change (T/N=0.436) in miR-195 expression chosen as the cut-off point and the patients were divided into a high miR-195 expression group (T/N fold change >0.436) and a low miR-195 expression group (T/N fold change <0.436). The overall survival of patients with high miR-195 expression was longer than those with low miR-195 expression ( Fig. 2B; P=0 .029). The overall survival of patients with low DCUN1D1 expression was statistically significantly longer than those with high DCUN1D1 expression ( Fig. 2C; P=0 .007). Furthermore, the overall survival of patients with high miR-195 expression accompanied by low expression of DCUN1D1 was longer than those with low miR-195 expression accompanied by high DCUN1D1 expression ( Fig. 2D; P=0.026) . A univariate and multivariable Cox proportional hazards analysis were performed. The final multivariable Cox regression model showed that the expression of miR-195 (P=0.041, relative risk=0.358) and the expression of DCUN1D1 (P=0.021, relative risk=4.253) were associated with poor prognosis according to overall survival in LSCC (Table III) , suggesting that miR-195 and DCUN1D1 might be used as independent prognostic factors for LSCC.
miR-195 inhibits the proliferation and colony formation ability of LSCC cells.
To investigate the biological functions of miR-195 in LSCC cells, we elevated the expression of miR-195 Table II . Correlation between miR-195 and DCUN1D1. (Fig. 3A) . The colony formation assay was performed to determine forced expression of miR-195 on the proliferation of TU-177 cells.
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The results indicated miR-195 significantly inhibited colony formation ability of TU-177 cells ( Fig. 3B and C) . Taken together, these data show that miR-195 may function as a negative regulator on the proliferation of LSCC cells.
miR-195 inhibits the migration and invasion ability of LSCC cells, and inhibition of miR-195 partially reverses the effects.
The wound healing assay was performed to Fig. 4A and B) . The Transwell assay was conducted to investigate effect of miR-195 on the invasion ability of TU-177 cells. The results showed that transfection of mimics or inhibitors for miR-195 could significantly reduce or increase the invasion ability of TU-177 cells (Fig. 4C and D) . Thus, we confirmed that miR-195 inhibitor could reverse the effects of over-expression of miR-195 on the migration and invasion abilities of LSCC cells.
miR-195 induces G1 cell cycle arrest and promoted apoptosis in LSCC cells.
We further analyzed the effect of miR-195 on cell cycle and apoptosis of TU-177 cells by flow cytometry. The cell cycle distribution results indicated that miR-195 overexpression significantly blocked the G1 phase of TU-177 cells ( Fig. 5A and B) . Moreover, miR-195 overexpression significantly increased early apoptotic cell number of TU-177 cells (Fig. 5C and D) . In addition, the effect of miR-195 on endogenous expression levels of pro-caspase-3 and cleaved-caspase-3 were assessed by western blotting. Transfection of miR-195 significantly reduced the expression of pro-caspase-3 and upregulated the expression of cleavedcaspase-3 at the protein level in TU-177 cells (Fig. 5E and F) . These results indicated that overexpression of miR-195 mainly inhibits the growth of TU-177 cells by inducing G1 phase cell cycle arrest and apoptosis.
DCUN1D1 is directly targeted by miR-195.
In this study, DCUN1D1 was predicted to be a potential target of miR-195 after computational analysis using three microRNA target gene prediction software (TargetScan, miRDB, DIANAmT) (Fig. 6A) . To confirm whether the 3'UTR of DCUN1D1 was a functional target of miR-195, we constructed luciferase reporter plasmids containing pGL3-DCUN1D1-3'UTR Wt and pGL3-DCUN1D1-3'UTR Mut and carried out luciferase reporter assay. The results indicated that significant decreases in luciferase activities were observed in the presence of miR-195 in the HEK293T cells cotranfected with pGL3-DCUN1D1-3'UTR Wt (P<0.01), but not with pGL3-DCUN1D1-3'UTR Mut (Fig. 6B) . Furthermore, qRT-PCR and western blot analysis showed a notable down regulation of DCUN1D1 expression treated with overexpression of miR-195 in TU-177 cells at the posttranscriptional level. (Fig. 6C-E) . Above all, DCUN1D1 was the direct target of miR-195.
Knockdown of DCUN1D1 inhibits the proliferation of LSCC cells.
The MTT assay was performed to evaluate the effect of DCUN1D1 siRNA on the proliferation of TU-177 cells. The results indicated that ectopic expression of DCUN1D1 siRNA significantly reduced proliferation of LSCC cells (Fig. 7) . The results showed that forced DCUN1D1 expression promoted the invasive capability of TU-177 cells. Importantly, this restoration of DCUN1D1, partially, but significantly, rescued the invasion capability of miR-195-transfected cells. Knockdown of DCUN1D1 exerted similar effect as miR-195 ( Fig. 8A and B) . Besides, the DCUN1D1, MMP-9 and MMP-2 protein expression levels confirmed by western blot analysis were consistent with Transwell assay (Fig. 9A and B) . Taken together, these data suggested that the effects of miR-195 on cell invasion were partly regulated by DCUN1D1.
Discussion
Extensive studies have demonstrated that miRNAs play important roles in tumor initiation, progression, and metastasis particularly through regulating their corresponding target genes (19, 20) . One of them, miR-195 has been regarded as a tumor suppressor in various cancers including non-small cell lung cancer (NSCLC) (21), colorectal cancer (22) , gastric cancer (23), hepatocellular carcinoma (24) , and prostate cancer (25) .
In the present study, we found that miR-195 was downregulated significantly in LSCC tissue and cell lines compared to the normal tissue and human bronchial epithelial cells which is consistent with a previous study (26) . We also found that miR-195 downregulation was frequently found in LSCC with high T stage, N + , and high clinical stage. However, the role of miR-195 in LSCC remains unknown. For the first time, overexpression of miR-195 was used to observe its effect on LSCC cells by transfection technique. As expected, miR-195 inhibited the proliferation, colony formation, migration and invasion ability and induced G1 cell cycle arrest and promoted apoptosis in LSCC cell lines. miRNAs perform biological functions by directly binding to the 3'UTR of mRNAs and inhibits protein translation. For instance, CARMA3 and Bcl-2 are direct targets of miR-195 in colorectal cancer (27, 28) . IGF1R and HDGF are direct targets of miR-195 in NSCLC (29) . We predicted the target gene of miR-195 using bioinformatics analysis and selected DCUN1D1 as the potential target gene. DCUN1D1 is also known as squamous cell carcinoma-related oncogene (SCCRO). It is a novel gene initially identified as a result of 3q26-27 locus amplification of in head and neck squamous cell carcinoma (30) . DCUN1D1 can enhance recruitment of Ubc12 to Cul1 to promote neddylation in the nucleus. DCUN1D1 has an essential role in neddylation in vivo involving nuclear localization of neddylation components and recruitment and proper positioning of Ubc12 (31) . DCUN1D1 was previously reported to be associated with tumor progression and development of brain metastasis in patients with NSCLC (32). DCUN1D1 overexpression was associated with an aggressive clinical course in primary SCC of the lung. It functions as an oncogene which can transform cells of both fibroblastic and keratinocytic lineage (33) . Luciferase reporter assays suggested that DCUN1D1 was one of the downstream targets of miR-195. We found that miR-195 significantly down regulated DCUN1D1 expression at the post-transcriptional level in LSCC cells. We also found that DCUN1D1 was over expressed in human laryngeal carcinoma tissues when compared with its adjacent normal tissues and negatively correlated with the levels of miR-195. In addition, DCUN1D1 upregulation was also frequently found in LSCC with high T stage, N + , and high clinical stage. Our results indicate that miR-195, as a tumor suppressor miRNA, is also a negative regulator of the oncogene DCUN1D1.
More than 90% of carcinoma-associated mortality is caused by distant metastases (34) . Cancer cell invasion and metastasis is a complicated, multi-step procedure involving interactions between invading cells, the extracellular matrix, and other stromal elements (35) . Proteolytic enzymes produced by tumor cells are essential for cancer cells to degrade the extracellular matrix and penetrate lymphatic or blood vessel walls to extend to regional or distant sites. Matrix metalloproteinases (MMP), a family of zinc-dependent endopeptidases, play a distinguished role in extracellular matrix invasion and angiogenesis (36, 37) . The aberrant expression or activation of MMP-2 and MMP-9 has been linked to promotion of tumor invasion or metastasis in many different human tumors (38) . DCUN1D1 can induce MMP-2 transcription indirectly through the upregulation of activator protein 2 (AP2) in a process requiring p53. It may be a marker for invasion and metastasis in squamous cell carcinoma (39) . Recent study revealed that miR-218 inhibited invasion in cervical cancer by targeting DCUN1D1. DCUN1D1 knockdown was confirmed to significantly decrease the invasiveness of cervical cancer cells (40) . However, this effect of DCUN1D1 has not been studied in LSCC. Our study indicates that DCUN1D1 knockdown can successfully simulate the anti-proliferative, anti-invasion effects of miR-195 on LSCC cells. Moreover, introduction of DCUN1D1 can reduce invasion inhibition induced by miR-195. We also found that both miR-195 and DCUN1D1 siRNA can reduce invasion involving the post-transcriptional downregulation of MMP-2 and MMP-9. These effects can be attenuated by introduction of DCUN1D1.
In conclusion, DCUN1D1 is a potential target of miR-195 and miR-195 may suppress growth and invasion of LSCC cells possibly through targeting DCUN1D1, which would provide a candidate target for cancer therapy.
